A convenient system for detection of deletion formation in the DNA containing Tn3 is described. EcoRI-D fragment containing the kil gene and the c1857 gene of AcI857S7 DNA was ligated into pYS1 (a colicin El like plasmid) containing Tn3. Bacteria harboring these plasmids were temperature sensitive due to induction of the kil gene of phage A at high temperature.
INTRODUCTION
Some drug resistance specified by bacterial plasmids is known to transpose from one replicon to another, (Cohen 1976; Kleckner 1977; Cabs and Miller 1980) . Transposon Tn3 is one of the transposable elements which can transpose the gene for TEM j3-lactamase (bla), a hydrolysing enzyme of penicillin, and was originated from drug resistant element R1 (Heffron et al. 1975) . Tn3 is genetically the best characterized transposon (Heffron et al. 1977 Arthur and Sherratt 1979; Chou et al. 1979a , 1979b : Gill et al. 1979 ) . Tn3 codes for at least three polypeptides, one is pre-~3-lactamase (bla) and the other two (tnpA and tnpR) are involved in transposition.
tnpA is the gene for the so called transposase, and mutation in this gene causes defect in transposition. tnpR is the gene for self-controlled repressor of transposase, and tnpR-mutation enhances transposition frequency. Furthermore, some mutants in this region cause abnormal transposition, in which donor replicon and recipient replicon are fused.
In DNA containing transposable genetic elements, such as transposons, IS elements, and bacteriophage Mu, deletion of DNA segments adjacent to the elements occurs, in addition to transposition of the elements (Starlinger and Saedler 1976) . However, unlike transposition, studies on the genetic control of deletion formation caused by Tn3 has not yet been carried out. We describe a convenient system for detecting deletion formation, and show that deletion formation is controlled by the transposon Tn3 itself, and that transposition and deletion are two closely related phenomena.
MATERIALS AND METHODS

Bacterial strains and phage strains
The bacterial strains and phage strains used in this study are listed in Table 1 and Table 2 , respectively.
Plasmids
Plasmids used in this study are listed in Table 3 . pYS1 was derived from plasmids harbored by E. coli RY13, the strain used as the source of restriction endonuclease EcoRl (Yoshimori 1971) . RY13 has been shown to contain several plasmids; one is Rldrd, an FIT group drug resistant conjugative plasmid having resistance genes for ampicillin (on Tn3), streptomycin, sulfonamide, and chloramphenicol; another is pMB3, a ColEl like plasmid having genes for colicin E1 production (cea), colicin El immunity (iceA), EcoRI restriction (hsdR (RI)), EcoRI modification (hsdM (RI)), and ampicillin resistance (bla) (on Tn3) (Betlach et al. 1976 ) . In addition, RY13 contains some other plas- Table 1 . Bacterial strains used in this study. All strains are derivatives o f Escherichia coli K12 Table 2 . Phage strains used in this study mils related to the above two. Plasmid DNA extracted from E. coli RY13 was used for transformation of an E. coli and transf ormants were selected with ampicillin. The transf ormants were tested for EcoRI restriction and modification, and colicin E1 production and immunity. One clone was isolated that had lost the activities of EcoRI restriction and modification, and colicin El production, but retained colicin El immunity. The plasmid in this clone, designated pYSl, was 7.0 kb in length and had Tn3 intact and was amplifiable by chloramphenicol like ColEl (Sugino et al. 1980 ) .
Media
Bacteria were routinely grown in L-broth (10 g polypeptone, 5 g yeast extract, and 5 g NaCI per liter of H2O, pH 7.0). L-agar (L-broth supplemented with 1 % agar) was used for plating of bacteria.
Transformation and selection
Transformation of plasmid DNA was carried out as described by Cohen et al. (1972) . Selection of transf ormants with antibiotics was performed on L- Mitomycin C (1 pg/ml) induced E. coli A745 cells were collected by centrifugation and suspended in 1/10 volume of 10 mM Na-P04 (pH 7.0),1 M NaCI, and disrupted by addition of chloroform.
Marker tests
The cI gene of bacteriophage A was tested by cross streaking with 2cI60 at 32°C. The rex gene was tested by cross streaking with about 1010 pf u./ml of T4r227, at 32°C. The gam and N genes were tested by sensitivity to Aimm 434bio11 and Aimm434Nam7Nam53, at 42°C, respectively. The cro gene was tested by resistance to Avir at 42°C. Immunity to colicin E1 (iceA) was tested by cross streaking with a preparation of colicin E1.
Enzymes and enzymatic reactions
The restriction enzyme EcoRI was obtained from Miles and were gifts from Dr. K. Matsubara and Dr. F. Imamoto. BamHI was prepared according to Wilson and Young (1975) , or obtained from Miles and Boehringer, Mannheim. Pstl was obtained from Boehringer, Mannheim; HincII was purchased from Miles. HaeII was kindly supplied by Dr. H. Ohmori. Hgal and T4 ligase were kindly supplied by Dr. T. Horii.
Ligation of DNA fragments was performed in 50 mM Tris-HC1 (pH 7.5), 10 mM MgC12, 50 pM ATP, 5 mM dithiothreitol.
For self closure ligation of a single DNA fragment, DNA concentration was kept less than 5 pg/ml, and for joining of two DNA fragments, it was about 100 pg/ml (Dugaiczyk et al. 1975) . Repair ligation was performed as Oka et al. (1979) . =Gel electrophoresis Gel electrophoresis was carried out in the following four different conditions; (i) 0.7% agarose gel with 89 mM Tris, 89 mM boric acid, 2.5 mM EDTA, 0.5 pg/ml ethidium bromide, (ii) 1.4% agarose gel with the same buffer as (i), (iii) 1.4% agarose gel with 40 mM Tris-HC1 (pH 7.9), 2.5 mM CH3COONa, 0.5 mM EDTA, 0.5 pg/ml ethidium bromide, (iv) 5 % polyacrylamide gel with 36 mM Tris, 32 mM KH2PO4i 1 mM EDTA.
Measurement of transposition frequency
Transposition assay was performed by transduction as described by Meyer et al. (1979) , using C600 as recipient. The phage and cell mixture was incubated at 32°C for 10 minutes, cells were collected by centrifugation, washed with 10 mM NaCI, and plated on selection agar medium.
RESULTS
Restriction enzyme analysis of pYS1
Restriction map of pYS1, a colEl type plasmid described in Material and Methods, was constructed by double or triple digestion with EcoRI, BamHI, HincII, PstI, and/or HaeII. The results are shown in Fig. 1 . For ordering of the HaeII fragments within Tn3, we made use of the published data . pYS1 was cleaved at one site by EcoRI or BamHI, at two sites by HincII, at four sites by PstI, and eight sites by HaeII. pYS1 was not cleaved by BglII, SalI, HindIII, SmaI, or HpaI.
Isolation of p YS4 and p YS6, and characteristics of the host having p YS or p YS6
pYS1 and AcI857S7 DNA were digested with EcoRI and ligated with T4 ligase. The n ligation mixture was used to transform E. coli strain D00, and transf ormants were selected with ampicillin and AcI60 at 28°C. It is essential to use this strain, for this strain seldom gives rise to cells resistant to A. The Fig. 1 . Physical map of pYS1. Restriction map of pYS1 was constructed by double or triple digestion with EcoRI, BamHI, HincII, and/or HaeII. The map coinicides well with the published DNA sequence data Oka et al. 1979; Sutcliffe, 1979) . bla, tnpA, tnpR, and iceA are genes for pre-R-lactamase, transposase, repressor of transposase, which is probably also site-specific recombinase (Arthur and Sherratt, 1979; Heffron et al. 1979) , and colicin E1 immunity protein (Oka et al. 1979) respectively.
Oni is the site of initiation of replication (Bolivar et al. 1977; Tomizawa et al. 1977) .
EcoRI fragment containing A immunity region is fragment D (Thomas and Davis 1975) , and this contains the region between bet and cII (Szybalski and Szybalski 1979) . One of the transf ormants contained pYS4, as indicated in Fig. 2 . Orientation of insertion of the A EcoRI-D fragment was determined by digestion with BamHI. pYS4 was digested with EcoRI, relegated, introduced into E. coli strain D00, and transformants were subjected to the same selection as pYS4. One of the transf ormants contained pYS6, as indicated in Fig. 2 . pYS4 and pYS6 are the same in size, but the A EcoRI-D fragments are inserted in opposite orientations.
We designate the orientation in pYS4 as the n-orientation, while that in pYS6 as the u-orientation.
The host having pYS4 or pYS6 is temperature sensitive. Fig. 3 indicates time course of killing. This effect must be the result of induction of genes on A EcoRI-D fragment.
In A lysogen, it is known that the kit gene, mapped between gam and cIII, or the 0 and P genes have killing activity (Greer 1975) . As A EcoRI-D fragment has the region between bet and cII but does not have intact 0 or P, this lethality can be attributed to the kil gene.
When cells that have freshly acquired pYS4 or pYS6 by transformation were plated at 42°C, survivors were observed at a frequency of about 10-5, at 50 hours after the transformation of the DNA. In Fig. 3 , increase of the cell number after 12 hours is the result of growth of such survivors.
Analysis of survivors after exposure to high temperature About 100 ampicillin resistant survivors of bacteria having pYS4 at 42°C were independently isolated and tested for the markers gam, N, cI, and iceA, respectively.
Survivors from bacteria containing pYS4 could be classified into 4 groups; (i) gam-N+cI iceA+, (ii) gam-N-cI iceA+, (iii) gam~N-cI iceA+, (iv) gam-N-cI iceA-, as shown in Table 4 . These results can be explained by assuming that deletions including kil gene occurred from a point right of gam E. coli DOO cells harboring pYS4 or pYS6 were cultured at 28°C and shifted to 42°C. The cultures were shaken at 42°C and 0.1 ml sample was taken at different times, and plated at 28°C with appropriate dilution. The number of colonies growing on the plate was counted and the concentration of the viable cell was plotted.
Open circles represent pYS4, and closed circles represent pYS6. to various points between the right end of N and the left end of iceA (Fig.  4) . Next, plasmid DNAs were prepared from survivors at 42°C in each group. DNA preparations were digested with EcoRI or BamHI and electrophoresed on 0.7% agarose gel (Fig. 5) . The results showed that all the temperature resistant plasmids had deletions which eliminated at least one EcoRI restriction site. Moreover, loss of the genetic markers and descrease of the length of the plasmids was well-correlated.
From these results, it is clear that plasmids harbored by survivors at high temperature have deletions extending from a point between the bla gene and the neighboring EcoRI site to the left of the kit gene. It has been reported that deletions occur in DNA having a transposon or IS (Nisen et a1.1977) . We conclude that deletions occurred from the left end of Tn3.
On the other hand, high temperature survivors derived from pYS6 were mostly A sensitive. This result can also be explained by supposing that deletions occurred from the left end of Tn3. Only 1 % of the survivors were A immune, but they were mutants in which the N gene was not expressed and the size of the plasmids prepared from such survivors suggests that they are probably point mutants. They are certainly not deletions adjacent to Tn3.
Isolation of mutants of Tn3
Deletion mutants of Tn3 were isolated as follows. pYS1 was partially digested with restriction endonuclease HaeII, and religated with T4 ligase at a low DNA concentration.
The ligation mixture was used to transform E. coli strain DOO, and transformants were selected with ampicillin. Plasmid DNA was extracted from transformants and electrophoresed on 1.4% agarose gel. New plasmids which were smaller than pYS1 were purified by CsCI density gradient centrifugation and digested with HaeII (Fig. 6) . 12 independent clones which have plasmids with deletions of various HaeII fragments were isolated. HaeII-D fragment and HaeII-E fragment are about the same size, and could not be distinguished from each other by HaeII digestion alone. This discrimination was possible by digestion with Hgal. HaeII-E fragment contains a Hgal site, but HaeII-D fragment does not. Fig. 7 shows which HaeII fragments are deleted in each mutant. pYS9 was isolated by repair ligation (see Materials and Methods) of BamHI digested pYS1. So, in this plasmid, the BamHI site on Tn3 is eliminated.
Effect of mutation in Tn3 on adjacent deletion formation
To determine the frequency of deletion formation among the mutants, following plasmids were constructed. pHK61, pHK62, pHK63, and pHK64 were formed by digesting pHK1, pHK2, pHK3, and pHK4, with EcoRI and ligating respectively with the A EcoRI-D fragment in the u-orientation.
pHK29 and pHK30 were formed by digesting pYS9 with EcoRI and ligating with A EcoRI-D fragment in the u-orientation and n-orientation, respectively. The bacteria having each of these plasmids were plated at 32°C and 42°C, and frequency of survivors at 42°C was calculated (Table 5) . About 20 survivors were isolated respectively, and immunity to A was tested. In all mutants having deletions in Tn3, frequencies of survivors were at least ten-fold lower than the wild type (i.e. pYS6), and all survivors had A immunity. Because occurrence of deletion from the left end of Tn3 extending over the kit gene should lose immunity in the plasmids ligated with the A EcoRI-D fragment in the u-orientation, frequency of deletion can be represented by the ratio of A sensitive temperature resistant colonies to the total colonies at 32°C. A immune temperature resistant fraction seems to be N-mutants, and plasmid DNAs isolated from such survivors showed the same size as the parent plasmids. Thus adjacent deletion was not detected in the mutants having deletions in Tn3 (Table 5 ). The horizontal bars indicate the DNA regions that remain after deletion. The sign "X" of pYS9 is the site of mutation. On the other hand, bacteria having pHK29 or pHK30 showed ten-fold higher survival than pYS6 or pYS4, respectively.
Effect of mutation in Tn3 on transposition E. coli strain C600 (Aimm434ctslb515b519) was transformed with various plasmids listed in Table 5 . Lysogens were thermally induced and phage preparation from each transf ormant was used for transduction of E. coli C600 to ampicillin resistance. About 50 transductants from each phage preparation were tested for colicin E1 immunity. Because only ampicillin resistance should be transduced but not immunity to colicin E1 in normal transposition, frequency of transposition can be represented as the ratio of the number of ampicillin resistant colicin sensitive transductants to the plaque forming units. (Table 6 ). In all mutants we examined that have deletions in Tn3, frequency of ampicillin resistant transductants were ten-fold lower than wild type (i.e. pYS1), and furthermore these ampicillin resistant transductants were not the result of normal transposition, for they had immunity to colicin E1. These colicin immune transductants were shown to be the result of integration of Aimm4.34ctslb515b519 to the co-existent plasmids (to be published in the accompanying paper). Thus normal transposition did not occur in the deletion mutants of Tn3, while transposition was normal in pYS1 or pYS9.
DISCUSSION
Transposition of Tn3 has been studied extensively. However, studies on deletion formation or inversion, which also occurs in DNA containing a transposable genetic element have not been carried out as extensively.
They have been studied only in IS1 (Reif and Saedler 1975) , or in TnlO (Ross et al. 1979 ), but their systems involve deletions on chromosome or on phage genome, and had restrictions in their analysis. Positive selection of deletion occurring on plasmid DNA has been difficult. We have constructed a convenient system for detecting deletion, using the kil gene of becteriophage A, where plasmid Table 6 . Frequency of transposition DNA containing deletions could be scored as survivor cells at high temperature. High temperature survivors from pYS4 or pYS6 were those bacteria that contain plasmids with deletions. The loss of the markers on the plasmids and the length of the plasmids were correlated. We used plasmids containing the A EcoRI-D fragment in the u-orientation in the measurement of deletion frequency, because only by checking immunity to phage A of high temperature survivors, we can ascertain whether they resulted from deletion or not. A sensitive survivors resulted from deletion, while A immune survivors result-, ed from mutations in which the N gene was not expressed. In all mutants in Tn3, where tnpA gene was inactivated, neither deletion nor transposition were detected. These results are in agreement with the results on transposition by Heffron et al. (1977) . Thus tnpA gene product must be involved both in transposition and in deletion. On the other hand, in the mutant lacking the BamHI site located in tnpR gene in Tn3, transposition was normal and deletion formation was enhanced ten-fold. Models for transposition mechanism were presented by Shapiro (1979) and Grindley and Sherratt (1979) . In their models, transposition process could be divided into the following three steps: (i) cut and religation of the ends of the transposon and recipient site;
(ii) replication of the transposon; (iii) site-specific recombination within the transposon. Deletion was envisaged as intramolecular transposition.
On Tn3, it is known that elimination of the BamHI site located in tnpR gene in Tn3 causes two effects on transposition: (i) ten-fold higher transposition frequency;
(ii) abnormal transposition where donor replicon and recipient replicon are fused sandwitching two copies of the transposon (Gill et al. 1978) . The former seems to be a result of inactivation of a repressor of the transposase, while the latter seems to be the result of a defect in site-specific recombination, the last step of transposition.
In our system, transposition was detected by transduction with phage A, and a fused molecule of the plasmid and the phage DNA would be too long to be packaged.
However, since Rec system of bacteria and Red or Int system of phage could replace the site-specific recombination system, it is no wonder that normal transposition was detected in this system. On the other hand, deletion frequency was ten-fold higher than wild type. Because deletion frequency was measured in recA-strain, it is suggested that the putative site-specific recombination is unnecessary, and the postulated first two steps of transposition may be enough for deletion formation.
We think this system for detection of deletion will also be useful in in vitro analysis of deletion formation and transposition.
